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HESEARCE AT THE STARFORD CENTER FOR RADAR ASTRONOMY

FThe major support for resesrch st the Stanford Center for Hadsy
Agtronomy is WASA sustaining grant HGL 05-020-01h, Brief semi-annual reports,
such 28 this one, ors made in January snd July and s complete description
of the veax®s work is given in the snonusl propossl for continuved suppoyrs
{e.g., Stenford proposal RL $-89, March 1969). Feculty, reseaxch sssociste
and ptudent agtivities sre reporied in the following poges and the yepoyd
conciudes with s bibliogrsphy of publicstions snd technicsl reports fow

Janusry 1968 through June 1669,

Bigtatic-Radax

Work bhos oontinusd on the redustion omd analyeis of the bistatic-
radar datas from Bxplorer EXIV. The priscipal blogk of data fyom the
ohservations using the Stenford Rosgarch Inptituls/SCRE 180¢ dish bas
now beon compleoted, Curyont offcris lu dats reduetion sre dirested toward
ghtaining very bigh guality bistatic-roday spectea, vepresentative of various
portions of the luner surface, frvom the Arseibo obaervations, The original
flight controet bas Jusl besy couwpletsd. PFuxtboy spelysis snd interproistion
is being supporded by o grsnt from BABL Hruodoueviers which hos provisien
for partisl redustion of the bistetis-vedey obsorvations copdusied with
fomey Grbiters T and ¥EE wnder the g@ﬁ%@ﬁ%ﬁ%& grend.

The prineipsl yosuld of thiszs work in this reporting poriod is the bistetiee

raday messurement of topugrepbic verlstisns in lunsy slope stetistics baged

on the Explorer XXXV observations, We cbisin values of g®§ 3@ ond 6° Yor the

ws und-directionel slopes on the scele of 100 m» in Meve Feeunditstis, the
central highlends, and the Censowvenus highlawdp, respectively, These results

sre cousidersbly lower, by fsctors of 3 te 8, then provicus ssiimates of



of slopes fyom ground baged radayr observations, A eriticel snelysiz

of both the ground based snd bigtatie resulis hag besn undertaken to
resolve this diserepency. At the moment it ip felt that the difficulties
in deternining the position of the lesding edge of ithe pulse roturn and
use of (~) 10 usec pulses 4n previous work 18 an uncompenssted dnstrumental
offort in the ground based messurenenis,

Congiderable effort, under the sustaining grent, hes been directed
toward the interpretation ¢f radsyr resuvlis in getvlogical snd geophysical
toxrms. It is now believed that properly designed radsy oxperizents cau
provide mesningful constraints snd evidence om lunar gubsurface sirvoture,
This work has led to two Apolic program proposals, one for downlink experi-
ments usging the S-band communications sysism snd tho other, uplink, using
s receiver sinilaer to the Plonewr and Moviner instruments on board Apcilo
to recelive transsissions frum Staaford, The fgr@t of these is designed to
nessure the Browster sagle of the lunayr crust, The uwplink sxpesrluent is
designed to detect impedance consizssts botween edjacent or layersd

geologic wmits to depths of at least 200 meters. Deitection of inhowogeneities

in the regolithic meterisl iz also probable through consideration at
depelarization effects. The sxperiment is designed to opurste in the
radionetric wode during pericds when out of Stenford’s view or bobiad the
moon, This will produce s continucus msp of lunar reflectivity (the reflection
of cosmic noise from the surfaee) ot two of the lower froguencies svd a map
at lunsy gurfase tempereteve with s resolution of 1°C at 425 Mis.

Both propessls hove purvived the initisl selection processes sad ars

row onder setive study &t the MEQ,



Flight Prograus

The Stanford ground ststion is presently teking data 60=T0 hours per
week on Pioneers 8§ and g, Ploneer O passed the one AU werk eon June 20
on its way to superior conjunction in November 1070, The instrument is
performing p@rﬁec@ly and has produced evidence of very lavme solar atregmsc
4 signal to neise mergin of 2 to 3 db iz projested for superior conjunction,
thus the next year sghould prove to be vemy interesting,

fonospherie date in support of the Ploneer progrsm is currently being
taken from & Vﬂ? racedivipg systen which messures the polarized angle of
the Applications Technology Sstellite 136 MEz transmissions, Seversl of
these polarimeters ave in operation and s technical roport on thelyr design
9% beling prepsved, Une hes recently bheen dunstalied at the Yenus site
(Statﬁom 13) to provide data backup for the Marinex 6 and T #ars £iyby.
Beveral more are under @@nﬁtrug&i@m and will be used te provide oore
aomplete ﬁ@ﬂ@a@h@tﬁ@ iaformation slong the Stanfoxd-PFlonesr roypath,

Correlation betwesen Stanford Plomear and Meriner data snd thet prodused
by the &FE recelvers hes shown thet the ulitimate scoursey of pleaetary
probe reoging cyotens de limited by plesms effectis. Further, correlstion
with 8~band doppler residusls dewonstrates this conclusively in that 10
weter errors can be cauped by plsgms slong the propugetien path, V%hugy it
iz clear thet rengilng to the desived scoursey of 1 wmeter can only be

schieved through ddspersive technigues,

Interstellsr Elestron Deneity
Uping the Stanford 150 diek sud the Lick Obsexvatory 1207 telescope,
simultancous radie and opticael cbeervetions of Pulssr WP 0532 have begn

nade, The twp stations were synchirenized in ¢ims ﬁ@‘ﬁﬁa mieropeconds by



uge of a VHP xadio 1ink, The conclusion resched is that the optiecal and
radio ewdssiong ccour within a few wmilliseconds of each osther, The
acpuracy limdt is set by our precise knovledge of the true dMspersion,
Alternstively, we can sssume that the optidal and radic pulses ave emitted
simultanecsusly, %We can then derive sn scgurste vaslue for the interstellar
clectron density from the 1,31240 second dispersive delay between the two,

The number derived fwom this &s 1,7542 40.0003 = 3.020 electrons emma,.

Student Activities

The following brief reports are reprosentstive of graduete student

aetivity.

Jobn Albernaz
¥ith respect to the ATE sateilite eireuit between Stanford University
and the Comigsao Nacionsl de Atividedes Espaciais (CMAE) in Brazil,
feapibility studies wezre conducsied during the last quarter, In addition,
1ink cslowvistions were mede and two altewnstive systens for transuitiing
informetion were put Torward,

This propossl has been forwvarded 4o HASA snd we asre swsiting spproval,

Forge Heraud
Host of the time since the last report hes been devoted to coding,
debugeing sad inproving the progrsus for dets processing. This involved
dﬁgmmﬁng the data in enelog foru %o produce a digital - taspe and then
procopoing this informstion in ¢ ponerenl tiwme fashion, Meny of the
problens srose fyom computer memory limitatieons, which made ume of the

magnetic disk for pertial storsge mendstory. The moou experiment that had



been recorded on magnetic tepe wae used o debug and eptinize

the computer prograns. Due to the fsct that when the movn exveriwent

wag ceryied out the froguency gysnthesizey weg not copsble of coherent
recyeling betouse of & msnusl blanking problem, the data proccesing scheme
turned out to be worve compliceted then oxiginslly thought,

An automatic blenking ciroult bes slveedy beon devised snd modificstions
in data processing for the ionvepheric @K@éwﬁm@mtﬁ are now being luplewmsnted,
The neow czperimental parsseiters sre scwmewhat different ez in the cese of the
moown, The length of the pssudo-rendom code ls 633 which iwpliss 8 shif:
register length of § snd the bosic freguency shifi 4s 100 Bz, The spectral
width 4g 6.3 kEz., The transmitier pulge length iz now 3,15 wsee, and the

duty eycle 25 pernitiing o merximus range of almost 1900 ke,

Dondel Ingelils

finge the Last veport ¥ heve besn spending wack of wy time investigeting
the properties of Hedemerd itronsfozms. These transforms can be coupubed
fagpter then Fourier tramsforms yet poscess several of the sews useful
propertiss,. I have devived g weteix wiich expresszes oune trensform in texwms
of the gther, By sxoniniog this metyiz 4t should be possible to Judge the
appropristoness of the Badeword transforme,

& sybject whick recently siivscied wy atitentios is thset of holographic
sontouy geusretion. This 43 sn opiticsl method in which 2 hologram iz wade
of sn object using two wevelength of {llumination, The hologram is
then prejected wﬁ%@ one wavelength o thet ¢the two imoges have sliightly
different lomgitudinel magnification, The interference between the two

euperposed iwnsges leands Lo danterference fringes which delineste constant



depth contour limes on the originsl objest. An attractive subject Ffor
investigation is the extension of this method to side~lonking wradars. If
the ﬁékhmolagy appears ressonsble, this would be s siwmpls method for contour

mepping on the esrth and for plunstary surfsces.

Jon Jeanny

The GO (Uananned Geophysical OUbservatory) project is continuing
on svhedule. The dets encodeyr cireuit desipgn is cowplete and haw been
frozen, ALl parts hoeve been ordered and most have avvived., A1l the
printed eircult cards have been lald sut and all the wasks have been
made. Special purpose eguipment has besn built to fuse and test diode
matrices and to simulate the command decoder. The principsl remaining
jobe are to wmount the components on the printed circuit cards gnd to finish
the back panel wiring,

Continued investigation of the power supply problem has indicated
that & windmill will be the cheapest source of power, & windwill which
seems to meet the needs of thiz station I3 gvallable from Dunlite Company
in Austrslia, The best sveilable model i s "brushless® type which has
bigh reliability and screates veory 1ittle radio freguency interfersnce.

This windnill is deaigned to survive a 140 mph wind ané costs about $1,500
sxcluding the tower., 4 trade-off study is being made to determine the best

type of battery and the mumber of batteries required to furnish power during

saln periods,

Jereny Landt
Bigrais at 50 and b23 WHe ave sent to Pioneer 6, T, 8 and 9 and

Hariner 5 in deep spuce. ¥From the differeniial group delay und phase



sdvance of the rodio signols the integreited electron content betwesn

the grommd trongnitter and the receiver v the spetecrsft osn be determined,
both sverage velues and perticulsy events sre of interest, I sm presently
looking ot the recowvds of integrated electron comtent snd velsting these
weasurements to some of the paroweters of the solar wind sush ss bulk

velocity sad electron number density. The rowoval of fonospheric effects

is done by uping AVE sstelilite messurements, which is uot alwsys straight-

forward, VYork i3 continuving in this srea, ing the pesk of solar activity,
geversl lavge {uncresses v covtent have boen wmeasured, Byocowbining our
neagurenents with neagurements made by olhers, the spselisl structure of

these events can be studied, thus leavning something of the nature of

sclar flsres which sre thought fo couse st lowst sone of the events,

Angus Worrisson

Radioscisnce Laboratory ort no, SU-S8EL-88-038 describes an

exporinent to provide glebsl westher prediction uwsing redic wave
messurenents botwesn twe satellites., OF uimost fnportsnce dn the
srperiment is hoving the cspablility to furndish scowrate estinstes of the

satellites position relative to the esrth throughout the mdssion, Az is the

cose with moet estimetion prodblems, 2 rossonable el for the systen dynamies

must be obitsined. For the proposed szporiment, this invelves finding a g

mathenatical model for the differentisl cgustions of motion for the satellites,

Of particulsy di¥ficulty is modeling the effect of stmospheric drag

the woticn of the setellite, Altbough the dreg foroe per unllt ness 8%

the sititude of the weather satellites (sbout 1300 ka) 48 only about i@mi@ y

ite cummisntive affect vould produse significant srrors in less then two

weeks., PFolure studies aye ploonsd fo detersine with whet degres of scoursey

this drag perturbstion can be predicted,
7



Qurrently, = lorge swount of resesrch s being devoied to determining
how well the earth®s gravitetionsl Tield cen be modeled, Bacause of the
soouracy needed for the redio wave messurensnts, the longitudinal dependence
of the earth’s potential must be taken into scoomt., Asplitudes of over N
wsters have been celowleted for some of the tesssral bermonics in the esrth’s
grevitational field, Methods of using the westheyr satellite dsta to enhavce
present-day knowiedge of the differentisl hormonic coefficients is also being

iovestigated,

Hichael Clson
& prototype design for @ rompte-controlled wmeaned geophyslceal
chservatory for use in Anterotics is belng cuwpleted, The work effort
iw presently helasg directed towsrds generating the onginseving
specifications for 9 satellite velaved teleonctyy dete 1ink and a2
remote control commend link. Succsssful completion of this systen
will sueble yesr-pound soness to arses of the dntoreltis countinent

that ere nowmelly soceseible only during the sustrsl sumwer,

dJose Pomalezs
York on coeultetion satellives wes continued, Attenustion fa the
atuosphere weg studied snd its use to corrsst for the water vaper offoet

in the phose nmespuremsnts wos suslysed,

Sur dvversion progres to invert phege defect dote wos modifisd so that
it dncludes the sbsovpifion snd corpeciion fop water vaper., & simulztion wes
ssrried out, Rewvindzond mesguremsuts tsken in Osklend in the summer of 1966

wore used to simiste stoospheric conditicns, It wes found that without



gorrecting for wateyr vap@rgyalﬂmatﬁlmgy can be used to extend the cccultation
messurenents below the 300 mB level, Using the sbsorption o corvect for
the water vapor, the pressure profile was measuvred with 2.5 mB asccurscy

up to the 700 mB level,

Richayd Simpson

Over the past six months work has been divided two ways; first, on @
feasibility study of 2 dual freguency, monostatic, moonbounce experiment;
and, sec&n@, on data processing for the bistatic lunar raday project headed
by Dy, Tyler,

The proposed uponbounce experiment was suggested in s recent Stanford
doctoral thesis by Dr, Alan Burasz, Through csreful study of the many
paraneters affecting the weturn of radar signals from the weon, he concluded
thet the locstion of the sub-esyth point wis considersbly more Juporiant
than bad previously been thought., In faet, the leading edge of th@.w@turn
was down 3 db or more when the pub-sarth point wee in highland aress se compared
with maxris, Prelininary study showed that 2 month long dusl frsguency experis
ment would he walusble in terws of both verifying Burns' {theory sud studying
an ares ot more than one wevelengih, This project hes now moved ints a study
of the possible ways to esnduct such an experiment,

The biststic radar study of the weon is under a2 geparste sontrasi but
relies on the sustaining grant for seome of 1tz support sctivities., At present
dats hes been reduced snd checked, and interpretetion is beginuing., One of
the more intevesting approsches o reduction-interpretstion las been through

uge of gontour plots, It hes been found thet surfsce features influence the



half-pover bandwidih of the reflented signal, If date pointz sre interpolated
into & uniform grid, contour plot subroutines supplisd by the Stanford
Uonputation Center san be used, Plotied to the ssne sesle sy avelilable

photograpbs of the luney surfsce, the contour pleis umske 4 overiavs,

In thiz way the differvences betwesn rough snd swooth sress csn be

strikingly demonstrated, Mor exsuple, parits of the Censorinus

Highlands appesr o be four times se rough s neighboring Uere Fecunditatis,
An sxtension of these wethods to greating contours of an orbitrary projection

1Y

of the suriage iz now belng coupleted.

ﬁ@uwﬂag &,y Iamar Radsr Beattering at 6 snd 12 Meter Wovelengths,

Scientific Report No. 2%, NSG 377, SU-B8EL~68-005, Stenford Electromics

Leborstories, Stanford University, Stemfowd, Califormis, May 1968,
Michasl Bites

Pommunication with spocseraft snd other pover liwmited sensors over
extrene ranges reguires lovw dote reites o wmaintsia an sdeguste bitesnorgy-
to-noise ratic. However, the perfommsnge of the resulting nerrow-band system
can be severely limited by wedium and @guﬁpm@nﬁ dnstebilities,

By using soded discrete freguency é@@u@m@@@ sgimiler bo discveis
ﬁr@@u@n@y godes employed in raday, acceptable @@rﬁ@@m&m@@,m&y“bé'
mgintained in the presencey of lunstebilities which wm&é@ render
gonventional commmiostion systews useless, The bohavior of these
sodes in fluctusting ohanvels haz beun oblteived sud procedures fop
optinivation @ﬁﬁ@m@%@ﬁia £t is shown thedt when propsrly opbimized

od performance

these ooded diserete fregueney seguences oby provide g

over 8 lerge rouge of input BHR ond shannel fluctustion bandwidth

i0



This low mensitivity coupled with incobevent detection peymits this techunigue
to be inplemented withoul weguiriag channel estimstion,

It 4 shown thet by properly choosing the sabiguity funcotisn and
crogs-anbigulity function of the trangwitisd seguence it is possible to
congtruct an ovthogonsl code alphabet with lovw cross-interference which
pernits Meary commmication, An slgorithe for guickly obtaining the
plgnificant festures of the awbigulity snd cross-subiguity function is
developed es well ss & techudque for synthesizing codes from thiz simplified
ambiguity function representstion,

in addition to low dats rate communication, the principles developed
have application to redor systems ugsing discrete freguency modulstion
which sust operste with long pulses and/or sgeinst repldly fluctusting
targets., The slgorithn for caleuleting the awbiguity function is particulsrly
uaeful,

Farther investigation inte the properiles of thesge zeguenses is planned
using the technigues developsed sloung with expeviments to demonstrate the

fesgibllity of the proposed techaigues,

Yrgoded Prequency Shift Xeyed Seguences with Applicetions to Low Deta
Rate . Coummuniscstion snd Radax” (to be published),
Steven Ungey
By work on the Barth Coeulitstion Project in the Isst hali-year has bsen
concentrated on luproving the rayizsceing progrem which 4s used to simulsie
bebavior of the system, The progysn hes heen povemped so thet 4t now
uses Bnell's Lew for computing diffeventisl progress of the wey, thus

permitiing horizsntal grodients in the stoosphere to be taken into scoount,

13



In its present form the program sccepts on stmosphers profile, which
may have both k@%ﬁﬁ@ﬂ%@% and verticel gradients, raytrsees through
this atwosphere, and also rayirsces through 8 set of horisontsl displacements
of the stuosphere, simuleting the travel of the sateliite system in its
orbit, In addition, an auxiliaxy progrem hsg been developed to generate
from the "real” stwosphere 2 set of sphericalily symmetric model standard
atnosphere,

In addition to the azbove computer simulations, work has slso pro-
gressed on neteorcloegical statistics., A study of cloud @&gﬁyﬁbm%iﬁ% 88
g function of altitude, besed on UBAF data for the Soviet Unism, has besn
completed, Work has begun un developing ¢ standard profile of velative
bumidity as & funetion of alilituds,

At present the raytrscing progrsm is h@igé %ya;éﬁarmﬁﬁbtm the SDB
Bigme 5 couwputer, When the tronsfer ig successivlly comuplelad, the duts
hendling capacity of the program will be greetly cxpended, giviag us the

capabiiity of detecting fine-gpitvusture leyering in the lower troposphere,

Robert Weog
Reduction of redundensies in the sesn line sigesl of ploturse have
regulted 4in plotures of coupsrable guallty with bondwidth redugtion of 5331

over B transuigsion, These techoligues use redundsncies in one dimension

only, newsly, horimentel redundencies, Redundapcies in two more divensions
sre aveilable dn the csse of TV plotures - verticel redundascies snd frame-

to-frame redundsncies,



One wey to exploit the spetisl redundsncies iz by using an entropy
preserving, ianvertible, linear transform in the iamﬁﬁﬂ@@@ Using » bulfer,
it is possible to use s prediciive systew to remove frome-~to-bandwidih (BW)

refgquirsments even further,

The two dimesvsional Fourier trsnsform has be

¢n shown to . preserve @ntr@pylo
Being slso linesr and dnvertible, it £its 211 the regulirements wenticned pre~

viously, A&nother prowisisg trensform in 1 _-spuce is the Hadamawrd trensform,

2
it is linear, imvertible, and presumably entropy presexving. The attrastive

festures of this Istter vtransform ave:

a} It consists of multiplying the picture elements (pel) by 1, snd summing
sooording to some yule (fthis is o funciion of the form of the Hedsmerd
transfornm used).

B) For symmeteic Hadsmord meitvices, H,

B e B

This property sivpiifies the inverse tronsform provess, since it iz

the sane s the (nidtisl trsnsforsstion of the inforwstion,

Both the Fourisr snd the Hoadewerd transforms in two dimensions have been
shown as suitsble vebicles by which insges csn be coded, {rensmitted, sad re-
a@n&trm&%&ﬁgﬁjﬁ&, By threshold coding in the transfows plene; BY reductions of

sl ig possible with no "visibls ¥ deteriovetion of the pleture., By viriue
b

af the availability of twoe dimsnyionsl redundspoies 4t would msem that
oven grester BV yedusiion should be possible without burting the ead wesult,

Many peychophysical properties of the haman eye in rogponse to different
fuctors snd orvers in the picture has been sindied by weny reseswchers ion the
spatial @&@ﬁ@ﬁo It would be intevesting to know how these exvors sre trensiormed

into edther the Fourier ¢or Hedemsrd plane,

13



b)

e}

Problems that will be worked ons

Prove that the Hsdamard trensform is eutropy preserving;

determine the velationships belween ervrors in the picture {s@atial
plane) and that in the transform plsne (transf@rm being used in the
general sense);

study the design of some transform coders,
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